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TheThe KATRIN Neutrino KATRIN Neutrino 
MassMass ExperimentExperiment
Joachim Wolf, University of KarlsruheJoachim Wolf, University of Karlsruhe

(KATRIN (KATRIN CollaborationCollaboration))

nn First First evidenceevidence forfor massive massive neutrinosneutrinos fromfrom
oscillationoscillation searchessearches::
nn atmosphericatmospheric neutrinosneutrinos ((disappearancedisappearance))
nn solar solar neutrinosneutrinos ((disappearancedisappearance, , fullfull NC NC fluxflux))
nn acceleratoraccelerator neutrinosneutrinos ((hintshints fromfrom K2K, LSND)K2K, LSND)

nn OnlyOnly ∆∆mm22 knownknown
nn Absolute Absolute massmass measurementmeasurement neededneeded

nn indirectindirect:: neutrinolessneutrinoless double double betabeta decaydecay
nn directdirect: : betabeta decaydecay
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NeutrinoNeutrino--Oscillation ResultsOscillation Results

nn atm. and solar atm. and solar νν provide provide 
compelling evidence for compelling evidence for 
flavour oscillationflavour oscillation

nn large mixing angleslarge mixing angles, , unlike unlike 
quark sector quark sector (CKM)(CKM)

nn oscillation measures only oscillation measures only 
∆∆mmijij

22 = m= mii
22 –– mmjj

22

nn oscillation results yield oscillation results yield 
LOWER BOUND on LOWER BOUND on mmνν ::
nn mmatmatm > 50 > 50 meVmeV
nn mmsolsol >   7 >   7 meVmeV
nn mmLSNDLSND > 200 > 200 meVmeV
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Neutrino Neutrino MassMass SchemesSchemes

are neutrino masses hierarchical or degenerate ?
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Neutrino Neutrino Mass MeassurementsMass Meassurements
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Tritium Tritium ββ--DecayDecay and and νν restrest massmass

relativedecay amplitude
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Tritium Tritium ββ--Decay Decay ExperimentsExperiments
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PrinciplePrinciple of of thethe ElectroElectro--StaticStatic
SpectrometerSpectrometer

guiding by magnetic fields
(magnetic adiabatic collimation )

electric (retarding-) field :
analysis of electron energies

(electrostatic filter )

∆Ω ~ 2 π

integral transmission : E > U0

F = ( µ . ) B + q E

µ = E ⊥ / B = const
adiabatic motion

∆
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PlanningPlanning thethe nextnext--generation generation directdirect
νν massmass experimentexperiment

experimentalexperimental observableobservable inin ßß--decay isdecay is mmνν
aimaim :: improvementimprovement ofof mmνν byby oneone order oforder of magnitudemagnitude (3 eV(3 eV →→ 0.3 eV0.3 eV ))

requiresrequires :: improvementimprovement ofofmmνν byby twotwo ordersorders ofof magnitudemagnitude (9 eV(9 eV →→ 0.09 eV0.09 eV )

22

2222 22

improve statisticsimprove statistics ::

-- stronger tritium sourcestronger tritium source ((factorfactor 40)  (40)  (&& larger analysinglarger analysing plane)plane)
-- longer measuring periodlonger measuring period (~100(~100 daysdays →→ ~1000~1000 daysdays))

improve energy resolutionimprove energy resolution ::

-- large electrostatic spectrometer withlarge electrostatic spectrometer with ∆∆ E=1 eVE=1 eV ((factorfactor 44 improvementimprovement))

butbut :: countcount raterate closeclose toto ßß--end pointend point drops verydrops very fast (~fast (~ δδ EE33))

last 10 eV : 2 x 10last 10 eV : 2 x 10--1010

last   1 eV : 2 x 10last   1 eV : 2 x 10--1313 of totalof total ßß--intensityintensity
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KaKa rlsruherlsruhe TriTritumtum NNeutrinoeutrino ExperimentExperiment KATRINKATRIN
nextnext--generationgeneration experiment withexperiment with subsub--eVeVneutrino mass sensitivityneutrino mass sensitivity

FH Fulda FH Fulda -- FZ & U Karlsruhe FZ & U Karlsruhe -- U Mainz U Mainz -- INPINP PraguePrague -- U Seattle U Seattle -- INR INR Troitsk Troitsk -- U WalesU Wales

gaseous T 2 source
WGTS

solid T 2 source
QCTS

pre spectrometer
MAC-E-(TOF) spectrometer detector

26 m 10 m           4 m                            22 m                                  6 m

molecular tritium source    pumping         premolecular tritium source    pumping         pre--filter                     energy analysisfilter                     energy analysis ßß --electron countingelectron counting

highhigh luminosity       background suppression        luminosity       background suppression        highhigh energy resolution       controlenergy resolution       control ofof systematicssystematics
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Setup of Setup of thethe KATRIN ExperimentKATRIN Experiment

T2 in

WGTS

rear diff.
pumpingcryotrapping

pre-spectrometermain spectrometer
detector

QCTS

differential
pumping

Tritium Lab
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WGTSWGTS -- WWindowlessindowless GGasousasous
TTritium ritium SSourceource

electron gun to TLK

10 -5 mbar differential pumping
midpoint-injection of T 2 :4 x 10 -3 mbar

WGTS  : maximum T 2  luminosity & smallest possible systematic errors

4.5-5.3 K

single solenoid element (L = 1m)

30 K He for T 2 gas temperature stabilisation

Ø
 =

 1
50

m
m

Ø = 70mm

tritium tube

source parameters : L = 10 m, Ø = 70 mm, B s = 6 T, gas purity > 99.5% T 2

T = 30 K (± 0.2°), column density ρd : 5 x 10 17  T2 / cm2

adiabatic electron transport in strong magnetic field & tritium diffusion

TMP TMP
TMP

TMP

TMP

TMP

TMP

from TLKTMP

10 s.c. solenoids
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ElectrostaticElectrostatic SpectrometersSpectrometers
PropertiesProperties and and GeometryGeometry

electrostatic analysis of tritium ß-decay electrons (electrode system)
XUHV - conditions : p < 10 -11 mbar ( degassing rate 10 -13 mbar l / cm ² s )

solenoid
B=5T air coil

solenoid
B=5T

air coil

main spectrometer
fixed retarding potential 18.4 kV

Ø = 1.7 m / L = 3.4 m
∆E = 80 eV

pre-spectrometer

Ø = 7-10 m / L = 20 m
∆E = 1 eV

B=5 x10 -4 T

B=2 x10-2 T

variable retarding potential 18.5-18.6 kV
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Estimates of KATRIN Sensitivity for Estimates of KATRIN Sensitivity for mmνν
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Estimated KATRIN sensitivityEstimated KATRIN sensitivity

retarding energy - E 0 [eV]
-5          -4         -3          -2          -1          0

mν = 0.5 eV

mν = 0 eV

countrate [1/s]

0.022

0.02

0.018

0.016

0.014

0.012

0.01

realisticrealistic MCMC simulationsimulation of subof sub--eV eV νν --mass signal closemass signal close toto sensitivity limitsensitivity limit

background
level

narrow interval closenarrow interval close to to ββ end point (last 5 eV)end point (last 5 eV) fromfrom WGTSWGTS

input paramters for simulationinput paramters for simulation ::

measuringmeasuring time : 3time : 3 yearsyears

∆∆E  = 1 eV  (E  = 1 eV  (spectrometerspectrometer))

backgroundbackground rate = 11 mHzrate = 11 mHz

WGTS :WGTS :
column densitycolumn density 5 x 105 x 101717 / cm/ cm 22

max.max. acceptedaccepted angle 51°angle 51°

molecular excitations includedmolecular excitations included
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ConclusionsConclusions and Outlookand Outlook

nn KATRIN: a next generation tritium ßKATRIN: a next generation tritium ß--decay experiment decay experiment 
with sensitivity to a subwith sensitivity to a sub--eV electron neutrino mass eV electron neutrino mass 

nn motivationsmotivations::
nn cosmologycosmology ((neutrinoneutrino HDM)HDM)
nn particleparticle physicsphysics ((massmass modelsmodels))

nn many technological challengesmany technological challenges
nn strong international collaboration has formed strong international collaboration has formed 
nn 2002 : 2002 : firstfirst vacuumvacuum teststests at Karlsruhe at Karlsruhe 
nn 2006/7: 2006/7: firstfirst measurementsmeasurements withwith KATRINKATRIN
nn runningrunning time ~ 5 time ~ 5 yearsyears


